DISCLAIMER
Portions of this document may be illegible in electronic image products. images are produced from the best available original document. Sudden changes in the detailed appearance and corrugation of atomic-resolution scanning tunneling microscopy (STM) images are commonly observed. In particular, these effects for the Pt(lll)($ x 4 3)R30°-sulfur structure have been studied.
Corrugation changes have been investigated by the controlled transfer of atoms between tip and sample. Theoretical images simulations using electron scattering quantum chemical methods show that the image contrast is strongly dependent on the chemical identity of the STM tip atom. Observed changes in the sulfur images can be explained by changes from platinum-terminated to sulfur-terminated STM tips.
The detailed appearance and corrugation of atomic-resolution scanning tunneling microscopy (STM) images are commonly observed to change suddenly and these changes are usually attributed to random changes in tip structure (gain or loss of atoms). We have studied these effects for the Pt(lll)($x &)R30°-sulfur structure in a more controlled manner. We have observed dramatic changes in corrugation upon controlled transfer of atoms between the tip and surface (as a result of pulsing the bias voltage). Such transfer of atoms between the tip and surface and bias pulsing has been reported previously.1 After preparation of the Pt(lll)(*x $)R30°-sulf~ structure, the surface was imaged at room temperature in ultrahigh vacuum (W). All of the images presented here were obtained with an average current set point of 1.1 nA and a 0.076 V bias. A current mode STM image of the Pt(lll)($x @)R3O0-sulfur structure is shown in Fig. l To further understand the nature of the tip changes and to confirm the proposed transfer of S atoms from the surface to the tip, we undertook a calculation of the current profiles of the (fix *)~oo-sulf~r structure using the electron scattering quantum chemical (ESQC) method?j3 In this approach, the tunneling gap is treated as a defect in a periodic bulk (tip and sample) across which electrons may propagate or be scattered back. The geometrical structure of the tip and surface is described atom by atom. The model system is comprised of two semi-infinite solids which are generated by repetition of a slab in the z direction. One surface layer, the adsorbates and the tip consisting of a cluster are then inserted between them. This single atom-termination tip cluster was modeled by a tetrahedron of Pt atoms with the apex pointing toward the surface. The system has a finite lateral extension with lateral boundary conditions. The sample, adsorbate, and tip are described by a linear combination of atomic orbitals. The description of the atoms in the bulk has been limited to the 6s orbitals for simplicity, while a full spd basis set is used in the surface-adsorbate-tip part where the scattering phenomenon takes place. The energy dependent scattering matrix depends on the detailed structure of the tip, the (x,y,z) coordinates of the tip relative to the surface, and the structure of the surface including atomic and molecular Fig. l(b) suggest that sulfur is indeed being transferred from the surface to the tip upon bias pulsing and we are observing the resulting changes in corrugation. The origin of the differences in corrugation between S and Pt tips can be qualitatively understood by considering the overlap between tip atom orbitals and the orbitals of the S atoms in the ($x 6)R30° structure. The 6s external orbitals of Pt atoms extend farther out in space than the smaller S atom 3s and 3 p orbitals. As it would be in the case of the experiment, the tip with the Pt atom termination is retracted by -1.5 A relative to a tip with a sulfur atom termination to maintain the same average tunneling CUTrents. As a result of the more extended overlap, the topo&aphic profiles, or the changes of current in constant height images show much smaller corrugation for the platinum-terminated tip. We have found that we are able to distinguish between two classes of single-atom tips: electronically large metal (Pt, Rh, W, or Re) atoms and smaller main group S or C atoms. We generally observe only small quantitative differences within each class. This method has already been 
